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© Unmachined areas are displayed on a CRT 
screen clearly, and further, the candidates of the 
optimal tools for the next machining are displayed. A 
method for defining machining in which areas to be 
machined and the tools for the machining are des- 
ignated comprises a first step of displaying the con- 
tour of designated areas to he machined; a second 
step of displaying the contour of areas actually 
machined by the designated tools; a third step of 
displaying the contour obtained in the first step and 
the contour obtained in the second step in super- 
position; and a fourth step of determining whether or 
not there is any area unmachined by the designated 
tools in accordance with the result of the display In 
the third step, and displaying the candidate tools for 
machining the unmachined area. 
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TECHNICAL FIELD 

The present invention relates to a method for 
NC programming by means of interactive computer 
system, more particularly, to a method for defining 
machining areas of a workpiece for creating an NC 
program used with turning machines (lathes). 

BACKGROUND ART 

In a prior art, the shape of a whole workpiece 
to be machined and the area to be machined, 
namely the designated machining area, were dis- 
played in a screen on a CRT display unit when an 
operator created an NC program, used with turning 
machines, by means of interactive computer sys- 
tem. The area to be actually machined by a des- 
ignated tool is displayed in another screen on the 
CRT unit. 

Fig. 1 shows a screen displaying the shape of 
a whole workpiece and a designated machining 
area in the workpiece. In the drawing, the outline of 
a section of the workpiece which is going to be 
machined is shown by a broken line, while the 
designated machining area is shown by a continu- 
ous thick line. The area to be actually machined, 
namely the area to be removed from the whole 
workpiece is the area less the designated machin- 
ing area plus finishing stock (not shown) which is 
left for finishing processes from the whole work- 
piece. Black squares at points A and B indicate the 
points at which the machining area is designated. 
Arrows at points A and B indicate cutter feed 
direction for machining the workpiece. When the 
arrow at point B points straight up in the drawing, 
the designated machining area is the area 11 in- 
dicated with oblique hatched lines as shown in the 
drawing. When the arrow at point B points toward 
the upper left of the drawing, the designated ma- 
chining area is the hatched area 1 1 plus the dotted 
area 12 as shown in the drawing. By the way, 
machining a workpiece, here, is carried out by 
chucking the workpiece on a spindle unit in a 
machine tool, turning the spindle around the Z axis 
and feeding a bite 1 in at least one of the direc- 
tions X or Z as shown in the drawing. 

Fig. 2 shows a screen displaying a designated 
machining area and an outline of a workpiece be- 
fore machining the workpiece by a designated tool 
No. 1. In the drawing, TX and TZ indicate the 
finishing stock, namely the width of stock to be left 
after completion of the machining of the workpiece 
in the directions X and Z respectively. The des- 
ignated machining area shown by a continuous 
thick line plus the finishing stock is the desired 
shape of a part after the completion of the machin- 
ing of the workpiece. However, the actual shape of 
the workpiece after the machining by the des- 
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ignated tool No. 1 under conditions concerning, for 
example, the finishing stock, the cutting conditions 
for the tool or the like is as shown by a continuous 
thin line. It can be understood from the drawing 
that there are some uncut areas when the shape 
shown by the continuous thin line is compared with 
the desired shape of the workpiece. In order to 
machine the workpiece to a desired shape, it is 
necessary to find the uncut area by comparing two 
screens shown by Fig. 1 and Fig. 2 and to machine 
the found uncut area by means of another too!. The 
process for accomplishing this will be explained 
below. 

Fig. 3 shows a screen displaying a designated 
machining area of a workpiece after completion of 
the machining by the designated tool No. 1 and the 
shape of the machining area to be machined by 
the designated tool No. 2. This screen is displayed 
when an operator designates the area to be 
machined and the tool for machining the same area 
before machining an uncut area which is left after 
completion of the machining by the designated tool 
No. 1. In the drawing, the hatched area indicates 
the uncut area which could not be machined by the 
designated tool No. 1. Black squares at points C 
and D indicate the points for designating machining 
areas, and arrows at the points C and D indicate 
cutter feed directions for machining the workpiece. 
After inspecting the new shape for machining the 
designated machining area, the designated tool No. 
2 will be selected. 

Fig. 4 shows a screen displaying a designated 
machining area of a workpiece after completion of 
the machining by the designated tool No. 1 and the 
designated tool No. 2, and the shape of the ma- 
chining area to be machined by the designated tool 
No. 3. This screen is displayed when an operator 
designates the area to be machined and the tool 
for machining the same area before machining an 
uncut area which is left after completion of the 
machining by the designated tools No. 1 and No. 2. 
In the drawing, the hatched area indicates the 
uncut area which could not be machined by the 
designated tools No. 1 and No. 2. Black squares at 
points E and F indicate the points for designating 
machining areas, and arrows at the points E and F 
indicate cutter feed direction for machining the 
workpiece. After inspecting the new shape for ma- 
chining the designated machining area, the des- 
ignated tool No. 3, using for grooving, will be 
selected. 

As heretofore explained, the method for defin- 
ing machining areas of a workpiece in prior art has 
a problem in that the area actually completed by 
the machining is unclear because the screen ac- 
cording to prior art does not show an overlapped 
view of the shape of the whole workpiece before 
machining and the shape of the workpiece after 
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completion of the machining for the designated 
machining area by the designated tool. 

DISCLOSURE OF THE INVENTION 

Therefore, in the light of the above mentioned 
problem, it is an object of the present invention to 
provide a method for defining machining areas of a 
workpiece that gives an overlapped view of a whole 
workpiece shape, the designated machining area, 
the shape of the workpiece after completion of the 
machining for the designated machining area by 
the designated tool and the uncut area, in a screen 
on a CRT unit, and that also provides a screen 
displaying candidate tools which may be optimum 
for the next machining of the workpiece, whereby 
operators can obviously recognize the uncut area. 

Fig. 5 shows a flow chart of a basic process of 
a method for defining machining areas of a work- 
piece according to the present invention. The 
method of the present invention to carry out the 
above identified object includes the following steps 
when an operator designates machining areas and 
tools for machining the designated machining 
areas. 

The first step: Designated machining areas are 
displayed in a screen. (Refer to Fig. 6) 

The second step: The shape of the real ma- 
chining area for machining the designated machin- 
ing areas by the designated tools are displayed. 
(Refer to Fig. 7) 

The third step: An overlapped view of the 
shapes of the designated machining areas obtained 
in the first step with the shape of the real machin- 
ing areas obtained in the second step are dis- 
played. (Refer to Fig. 8) 

The fourth step: Candidate tools for machining 
the uncut areas after checking whether or not the 
uncut area exists in accordance with the result of 
the third step, in which the uncut area is the area in 
the designated machining area which is left after 
machining by the designated tools are displayed. 
(Refer to Fig. 8) 

The method of the present invention further 
includes the steps of selecting a line attribute such 
as a continuous line, a broken line or the like, or 
colors of lines, or colors or raster patterns for 
drawing area surrounded by lines in order to dis- 
criminate the shape of the designated area, the 
actual machining area to be machined by des- 
ignated tools and the uncut area, whereby oper- 
ators can easily distinguish the boundary, and dis- 
playing the designated area. 

The method of the present invention further 
includes a step of displaying candidate tools for 
uncut areas by means of a window in a screen in 
the 4th step. 
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The method for defining machining areas of a 
workpiece of the present invention clearly displays 
uncut areas in a screen on a CRT and further 
displays candidate tools for the uncut areas. 

5 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 shows a screen displaying the shape of a 
whole workpiece and a designated machining 
io area in the workpiece; 

Fig. 2 shows a screen displaying a designated 
machining area and an outline of a workpiece 
before machining the workpiece by a designated 
tool No. 1 ; 

is Fig. 3 shows a screen displaying a designated 
machining area of a workpiece after completion 
of the machining by the designated tool No. 1 
and the shape of the machining area to be 
machined by the designated tool No. 2; 

20 Fig. 4 shows a screen displaying a designated 
machining area of a workpiece after completion 
of the machining by the designated tools No. 1 
and No. 2, and the shape of the machining area 
to be machined by the designated tool No. 3; 

25 Fig. 5 shows a flow chart of a basic process of a 
method for defining machining areas of a work- 
piece according to the present invention; 
Fig. 6 shows a screen displaying a whole work- 
piece, a designated machining area and the 

30 shape of the workpiece after completion of the 
machining; 

Fig. 7 shows a screen displaying a designated 
machining area and the shape of a workpiece to 
be machined by the designated tool No. 1 ; 

35 Fig. 8 shows a screen displaying overlapped 
view of the screens of Fig. 6 and Fig. 7; and 
Fig. 9 shows a flow chart of a process of a 
method for defining machining areas of a work- 
piece according to an embodiment of the 

40 present invention. 

BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

45 Hereinafter, embodiments of the present inven- 

tion will be explained in detail referring to the 
accompanied drawings. 

Fig. 6 shows a screen displaying a whole work- 
piece, a designated machining area and the shape 

so of the workpiece after completion of the machining. 
In the drawing, TX and TZ indicate the width of the 
finishing stock which is left after completion of the 
machining of a workpiece in the directions X and Z 
respectively, the continuous thick line indicates the 

55 designated machining area, the area added to the 
designated machining area by the finishing stock 
indicates the shape of the part after completion of 
the machining of the workpiece, and the area 14 
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surrounded by broken lines indicates the whole 
machining area. Black squares at points A and B 
indicate the points for designating the designated 
machining areas, and arrows at the points A and B 
indicate the cutter feed direction for machining the s 
workpiece by tools. 

Fig. 7 shows a screen displaying a designated 
machining area and the shape of a workpiece to be 
machined by the designated tool No. 1. In the 
drawing, each of TX and TZ indicate the width of w 
the finishing stock in the directions of X and 2 
respectively. The shape of a part that can be 
obtained after completion of the machining of the 
workpiece is shown as the area adding the finishing 
stock to the designated machining area, but the 15 
real machining area 15 which will be machined by 
the designated tool No. 1 under a machining con- 
dition concerning the finishing stock is shown as 
the hatched area with oblique lines in the drawing. 
Uncut area can be found when operators compare 20 
the shape of the workpiece after completion of the 
machining the designated machining area by the 
designated tool No. 1 with the shape of the part 
described above. In order to finish the machining to 
obtain the desired shape, it is necessary to find out 25 
the uncut area by comparing the drawings 6 and 7, 
to select another tool for machining the uncut 
areas. It is an object of the present invention to 
allow an operator to clearly see the uncut area in a 
screen. 30 

Fig. 8 shows a screen displaying overlapped 
view of the screens of Fig. 6 and Fig. 7. In the 
drawing, the shape drawn with a thick continuous 
line indicates the designated machining area, the 
shape drawn with a thin continuous line indicates a 35 
real machining area to be machined by the des- 
ignated tool No. 1 and the hatched areas with 
oblique lines indicate uncut areas after completion 
of the machining of the workpiece by the des- 
ignated tool No. 1. This uncut area in the screen 40 
can be more clearly shown by selecting line at- 
tributes such as a continuous line, a broken line or 
the like, or colors of lines, or colors or raster 
patterns for drawing in areas surrounded by lines. 
Therefore, the tool which should be used next can 45 
be easily selected when an operator looks at the 
screen. Furthermore, as shown in the same draw- 
ing, for example, the candidate tool for the next 
operation can be shown by means of a window. 
Accordingly, it can be easily determined with refer- 50 
ence to the screen shown in Fig. 8 that the uncut 
area 17 indicated with oblique lines on the right 
side must be machined with the tool ID No. 002 
and that uncut area 18 indicating with oblique lines 
on the left side must be machined with the tool ID 55 
No. 003. 

Fig. 9 shows a flow chart of a process of a 
method for defining machining areas of a work- 



piece according to an embodiment of the present 
invention. The flow chart will be explained in the 
following. In the drawing, the number after S in- 
dicates step numbers. 

Initially, a machining area is designated (step 
S1). In practice, as shown in Fig. 6, the machining 
area with black squares at points A and B is 
designated, then a cutter feed direction for machin- 
ing the workpiece by arrow marks at the points A 
and B is designated. 

Then, the whole machining area 14 surrounded 
by broken lines is determined (step S2). In prac- 
tice, as shown in Fig. 6, the width of finishing 
stocks TX and TZ in the direction of X axis and Z 
axis respectively is determined. 

Then, a real machining area 15 indicated by 
hatching with oblique lines in Fig. 7 which will be 
really machined by the designated tools under a 
machining condition concerning the finishing stocks 
of TX and TZ is determined (step S3). 

Then, whether or not the real machining area 
15 determined in step S3 is the machining area 
with the tool selected for the first time is deter- 
mined (step S4). If the decision is YES in the step 
S4, the area obtained in the steps S2 overlapped 
with the area obtained in the step S3 is displayed 
(step S5). Namely, the overlapped view of Fig. 2 
and Fig. 3 is displayed. If the decision is NO in the 
step S4 or after executing the step S5, whether or 
not uncut area still exists, after inspecting the areas 
obtained by the execution of the steps S2 and S3 
is determined (step S6). If an uncut area is found, a 
candidate tool to machine the uncut area is auto- 
matically selected, and control returns to step S3 
(step S7). Then step S3 is executed, and it is 
determined whether or not the machining area ob- 
tained in the step S3 is the area for machining by 
the tool selected for the second time in the step S4 
and, if so, execute the steps S5, S6 and S7, and 
repeat the execution of steps from S3 to S7 until 
no uncut area can be found. Step S8 is executed 
when it is determined that an uncut area can no 
longer be found in the step S6, and the candidate 
tool determined in the step S7 is displayed (step 
S8). 

As heretofore explained, according to the 
method for defining machining areas of a work- 
piece, uncut areas become obvious because a 
whole workpiece shape, a designated machining 
area, the shape of the workpiece after completion 
of the machining for the designated machining area 
by the designated tool, and the uncut area, can be 
shown as an overlapped view in a screen. The 
selection of tools for machining becomes easy 
because the method provides a display for a can- 
didate tool suitable for the next machining opera- 
tion, thus the time necessary for defining machin- 
ing areas of a workpiece is reduced. 
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Claims 

1. A method for defining machining areas of a 
workpiece that designates machining areas 

and suggests tools for machining said des- 5 
ignated machining areas of said workpiece is 
characterized in that it comprises: 

a first step that displays the shape of said 
designated machining areas; 

a second step that displays the shape of 10 
the real machining area for machining said 
designated machining areas by designated 
tools; 

a third step that displays an overlapped 
view of the shape of said designated machin- 75 
ing areas obtained in said first step with the 
shape of said real machining areas obtained in 
said second step; and 

a fourth step that displays candidate tools 
for machining uncut areas after checking 20 
whether or not said uncut areas exist in accor- 
dance with the result of said third step in which 
said uncut areas are the areas in said des- 
ignated machining area which remain uncut 
after machining with said designated tools. 25 

2. A method for defining machining areas as 
claimed in claim 1 , wherein said shape of said 
designated machining area, said real machin- 
ing area and said uncut machining area are 30 
easily and distinguishably displayed. 

3. A method for defining machining areas as 
claimed in claim 1 , wherein candidate tools for 
machining said uncut areas are displayed by 35 
means of a window in said fourth step. 
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Fig. 9 
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DESIGNATE A MACHINING AREA. 



DETERMINE THE WHOLE MACHINING AREA. 
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S2 



S3 



DETERMINE A REAL MACHINING AREA BASED ON 
MACHINING AREAS, MACHINING CONDITIONS AND TOOLS. 
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DETERMINE WHETHER OR NOT THE AREA DETERMINED 
IN STEP S3 IS THE MACHINING AREA BY THE TOOL 
SELECTED BEFORE. 
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S5 



DISPLAY THE OVERLAPPED VIEW OF FIG. 2 AND FIG. 3. 



S6 



DETERMINE WHETHER OR NOT UNCUT AREA STILL EXISTS 
AS A RESULT OF THE EXECUTION OF THE STEPS S2 
AND S3. 



No 



Yes 



S7 



AUTOMATICALLY SELECT A CANDIDATE TOOL TO MACHINE 
THE UNCUT AREA. 



DISPLAY THE CANDIDATE TO 
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